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Presentation OverviewPresentation Overview

•• BackgroundBackground

•• Current ConditionCurrent Condition

•• Technical AnalysisTechnical Analysis

•• LongLong--term solutionsterm solutions

•• Questions Questions 



The Original 9The Original 9--foot Tunnelfoot Tunnel

•• Project officially completed in Project officially completed in 
June 1953 June 1953 

•• Length = 1800Length = 1800’’
•• Top radius = 4.5Top radius = 4.5’’
•• Bottom Radius = 9Bottom Radius = 9’’



The Original 9The Original 9--foot Tunnelfoot Tunnel
•• Average annual sediment load = Average annual sediment load = 

½½ million cubic yardsmillion cubic yards
•• RailRail--grout system designed to grout system designed to 

handle sediment abrasionhandle sediment abrasion



Historic Damage to the 9Historic Damage to the 9’’ TunnelTunnel
•• Periodic Inspection No. 1 Periodic Inspection No. 1 

(1968)(1968)
•• Damage due to abrasion Damage due to abrasion 

starting at the rail interfacestarting at the rail interface



Historic Damage to the 9Historic Damage to the 9’’ TunnelTunnel



Historic Damage to the 9Historic Damage to the 9’’ TunnelTunnel



Historic Damage to the 9Historic Damage to the 9’’ TunnelTunnel
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Historic Damage to the 9Historic Damage to the 9’’ TunnelTunnel



Historic Damage to the 9Historic Damage to the 9’’ TunnelTunnel



Historic Damage to the 9Historic Damage to the 9’’ TunnelTunnel



1995 Modifications1995 Modifications



1995 Tunnel Modification1995 Tunnel Modification



Wall Abrasion Control (2001)Wall Abrasion Control (2001)



2006 Inspection2006 Inspection



New IntakeNew Intake



AUG 2006: Periodic InspectionAUG 2006: Periodic Inspection
•• First hole found First hole found 

08/15/200608/15/2006
•• Five total holes Five total holes 

found with UT found with UT 
testingtesting

•• Holes Patched Holes Patched 
with with BelzonaBelzona in in 
SeptemberSeptember



2006: Periodic Inspection2006: Periodic Inspection
•• Holes formed on (or just Holes formed on (or just 

d/sd/s) inside bend of tunnel) inside bend of tunnel
•• Also typically occur just Also typically occur just 

d/sd/s of plate weld/seamof plate weld/seam



2007: 92007: 9’’ Tunnel InspectionTunnel Inspection

•• BelzonaBelzona still in still in 
placeplace

•• Holes have Holes have 
enlarged from enlarged from 
previous patchesprevious patches

•• 16 holes found in 16 holes found in 
u/su/s end of tunnelend of tunnel



2007: 9’ Tunnel Inspection
•• d/sd/s stoplogstoplog placed and 11 placed and 11 

additional holes foundadditional holes found
•• Holes much larger than Holes much larger than u/su/s
•• NDT of tunnel takes place in NDT of tunnel takes place in 

OctoberOctober



2007: 92007: 9’’ Tunnel InspectionTunnel Inspection



2007: 92007: 9’’ Tunnel InspectionTunnel Inspection



2007: NDT2007: NDT



2007: NDT2007: NDT



2007: NDT2007: NDT



2007: NDT2007: NDT



2007: NDT2007: NDT



2007: NDT2007: NDT



2007: NDT2007: NDT



2007: NDT2007: NDT



2007: 92007: 9’’ Tunnel RepairTunnel Repair



2007: 92007: 9’’ Tunnel RepairTunnel Repair



2007: 92007: 9’’ Tunnel RepairTunnel Repair



FEB 2008: 9FEB 2008: 9’’ Tunnel InspectionTunnel Inspection



Hole Formation TheoriesHole Formation Theories

•• Forces forming holesForces forming holes
–– Abrasion / ErosionAbrasion / Erosion
–– Low Pressures / PluckingLow Pressures / Plucking
–– CavitationCavitation

•• Source of problemSource of problem
–– Disturbance from old tunnel plugDisturbance from old tunnel plug
–– Undulations in plates from heat weldsUndulations in plates from heat welds
–– Small flow disturbance at seamsSmall flow disturbance at seams
–– Curvature of tunnelCurvature of tunnel



Hole FormationHole Formation



Stage 1Stage 1



Stage 2Stage 2



Stage 3Stage 3



Stage 4Stage 4



Risk AnalysisRisk Analysis
•• Structural RiskStructural Risk

–– Loss of steel linerLoss of steel liner
–– Loss of concreteLoss of concrete
–– Damage at radial gateDamage at radial gate

•• Geological RiskGeological Risk
–– Exposed bedrockExposed bedrock
–– Pillar reinforcing boltsPillar reinforcing bolts
–– Large scourLarge scour
–– PipingPiping
–– Tunnel collapseTunnel collapse

•• Water Management RiskWater Management Risk
–– Sediment transportSediment transport
–– Damage to the 23Damage to the 23’’ tunneltunnel
–– Damage to the Damage to the trashracktrashrack
–– Loss of flood control storageLoss of flood control storage



Operational RestrictionOperational Restriction
•• October 2007 to February 2008October 2007 to February 2008

–– Max pool elevation = 950Max pool elevation = 950’’
–– Additional hole formationAdditional hole formation
–– Lost ~75% of patch materialLost ~75% of patch material

•• February 2008 to June 2008February 2008 to June 2008
–– Max pool elevation = 920Max pool elevation = 920’’
–– Average elevation during this time = 905Average elevation during this time = 905’’
–– Very little sediment transportVery little sediment transport
–– <5% increase in damage<5% increase in damage

•• June 2008 to PresentJune 2008 to Present
–– Max pool elevation = 930Max pool elevation = 930’’
–– Pool elevations near 930Pool elevations near 930’’ for extended timefor extended time
–– Expect that large amounts of sediment transportedExpect that large amounts of sediment transported
–– Increased damage = 15% to 20%Increased damage = 15% to 20%



Future Repair OptionsFuture Repair Options

•• Current PlanCurrent Plan
–– Fill holes with highFill holes with high--strength concretestrength concrete
–– Cover with Cover with BelzonaBelzona
–– Leave one hole open for monitoringLeave one hole open for monitoring
–– Continue operational restrictionsContinue operational restrictions

•• Expect ~10 years of life left in liner Expect ~10 years of life left in liner 
•• Long Term SolutionsLong Term Solutions

–– Continue regular temporary fixesContinue regular temporary fixes
–– Replace steel linerReplace steel liner
–– Tunnel Redesign / Tunnel Redesign / RealingnmentRealingnment



QuestionsQuestions



Timeline for the 9Timeline for the 9’’ TunnelTunnel
•• JUN 1953: Project Officially CompletedJUN 1953: Project Officially Completed
•• MAR 1968: Periodic Inspection No. 1 MAR 1968: Periodic Inspection No. 1 –– Damage at liner/rail transition Damage at liner/rail transition 

(Abrasion not (Abrasion not CavitationCavitation) ) 
•• 1968 to 1993: Rails and grout replaced regularly1968 to 1993: Rails and grout replaced regularly
•• 1995: Intake Tower Replacement1995: Intake Tower Replacement

–– Upstream bendUpstream bend
–– Tunnel lined with 1Tunnel lined with 1”” steelsteel
–– CrossCross--section shape modificationsection shape modification

•• 2001: 2001: BelzonaBelzona repairsrepairs
•• AUG 2006: Holes found at the AUG 2006: Holes found at the u/su/s end of the 9end of the 9’’ TunnelTunnel
•• SEP 2006: UT Test for SEP 2006: UT Test for u/su/s 600600’’
•• OCT 2006: OCT 2006: u/su/s holes patched with holes patched with BelzonaBelzona
•• AUG 2007: Patches in moderate condition, new holes formed at upsAUG 2007: Patches in moderate condition, new holes formed at upstream end, tream end, 

and previously unnoticed holes at and previously unnoticed holes at d/sd/s end discoveredend discovered
•• OCT 2007: NonOCT 2007: Non--destructive test conducteddestructive test conducted
•• NOV 2007: Anchor bolts placed and holes patched with concrete/stNOV 2007: Anchor bolts placed and holes patched with concrete/steel fiber eel fiber 

mixmix
•• NOV 2007: 9NOV 2007: 9’’ Tunnel opened for flood season with operational restrictionsTunnel opened for flood season with operational restrictions
•• FEB 2008: Holes resurveyed (Operational limits increased)FEB 2008: Holes resurveyed (Operational limits increased)
•• APR 2008: Periodic hole inspectionAPR 2008: Periodic hole inspection
•• JUN 2008: Periodic hole inspectionJUN 2008: Periodic hole inspection
•• JUL 2008: Periodic hole inspectionJUL 2008: Periodic hole inspection
•• AUG 2008: Close tunnel for summerAUG 2008: Close tunnel for summer
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